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Objective: To review the published evidence and to 
determine if radiological diagnostic accuracy is compro-
mised when images are d isplayed on a tablet computer 
and thereby inform practice on using tablet computers 
for radiological interpretation by on-call radiologists. 
Methods: We searched the PubMed and EMBASE data-
bases for studies on the diagnostic accuracy or diagnos-
tic reliability of images interpreted on tablet computers. 
Studies were screened for inclusion based on pre-
determined inclusion and exclusion criteria. Studies were 
assessed for quality and risk of bias using Quality 
Appraisal of Diagnostic Reliability Studies or the revised 
Quality Assessment of Diagnostic Accuracy Studies tool. 
Treatment of studies was reported according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA). 
Results: 11 studies met the inclusion criteria. 10 of these 
studies tested the Apple iPad® (Apple, Cupertino, CA). 
Consumer tablet computers can be used to access and 
display digital radiographic images for the purpose of ra-
diological interpretation. Because tablet computers are 
portable, they have a potential role in remote, emergency 
diagnostic radiology services. There has been limited ac-
ceptance of smartphones for radiological interpretation 
because of their small screen size and limited display res-
olution.' Tablet computers offer similar portability to a 
smartphone but with high-resolution displays and a larger 
viewing size.2 Hence, a tablet computer may be a more 
suitable display device for on-call radiologists. 
The luminance and contrast properties of computer displays 
can vary considerably causing inconsistent display of images 
between devices. The accepted process for achieving consis-
tent display of medical images is by calibration of the display 
device to the digital imaging and communication in medicine 
(DICOM) greyscale display function (GSDF).3 Conformance 
to the GSDF has been shown to improve diagnostic accu-
racy.4'5 A primary display is a dedicated medical display device 
The included studies reported high sensitivity (84-98%), 
specificity (74-100%) and accuracy rates (98-100%) for 
radiological diagnosis. There was no statistically signifi-
cant difference in accuracy between a tablet computer 
and a digital imaging and communication in medicine-
calibrated control display. There was a near complete 
consensus from authors on the non-inferiority of di-
agnostic accuracy of images displayed on a tablet 
computer. All of the included studies were judged to be 
at risk of bias. 
Conclusion: Our findings suggest that the diagnostic 
accuracy of radiological interpretation is not compro-
mised by using a tablet computer. This result is only 
relevant to the Apple iPad and to the modalities of CT, 
MRI and plain radiography. 
Advances in knowledge: The iPad may be appropri-
ate for an on-call radiologist to use for radiological 
interpretation. 
and is used by radiologists for primary diagnosis. Whereas, 
a secondary display is often a commercial-off-the-shelf com-
puter display. Established guidelines recommend confor-
mance to the GSDF should be better than 10% and 20% for 
primary and secondary displays, respectively.6 Whilst both 
primary and secondary liquid crystal display (LCD) devices 
can be calibrated to the GSDF, it is not possible to calibrate 
a tablet computer, which may potentially compromise accu-
racy.7 Despite the inability to calibrate the display, high levels 
of diagnostic accuracy have been reported when using tablet 
computers.s-10 Hence, there is contradictory information to 
inform practice on the use of tablet computers for radiological 
interpretation. 
To date, there has been no attempt to synthesize the existing 
research evidence pertaining to diagnostic accuracy or di-
agnostic reliability of using tablet computers for radiological 
interpretation. The aim of this study was to systematically 
review the published literature to determine if diagnostic 
accuracy is compromised when images are displayed on 
F u l l  p a p e r  R a d i o l o g i c a l  1 n t e r p r e t a t 1 o n  o n  t a b l e t  c o m p u t e r s  B J R  
a  t a b l e t  c o m p u t e r ,  w h i c h  w o u l d  i n  t u r n  i n f o r m  p r a c t i c e  o n  t h e  
a p p r o p r i a t e n e s s  o f  a n  o n - c a l l  r a d i o l o g i s t  u s i n g  a  t a b l e t  c o m p u t e r  
f o r  r a d i o l o g i c a l  i n t e r p r e t a t i o n .  
M E T H O D S  A N D  M A T E R I A L S  
S e a r c h  s t r a t e g y  
W e  s e a r c h e d  t h e  P u b M e d  a n d  E M B A S E  d a t a b a s e s  u s i n g  a  c o m -
b i n a t i o n  o f  k e y w o r d s ,  M e d i c a l  S u b j e c t  H e a d i n g s  ( M e S H )  a n d  
E m t r e e  t e r m s  f o r  r a d i o l o g y ,  t e l e r a d i o l o g y  a n d  t a b l e t  c o m p u t e r s  
( T a b l e  1 ) .  T h e  M e S H  a n d  E m t r e e  t e r m s  f o r  t a b l e t  c o m p u t e r s  a r e  
h a n d h e l d  c o m p u t e r  a n d  m i c r o c o m p u t e r ,  r e s p e c t i v e l y .  T h e  r e s u l t s  
w e r e  c o n s t r a i n e d  t o  t h e  a r t i c l e s  p u b l i s h e d  i n  t h e  p a s t  1 0  y e a r s .  
S e a r c h e s  w e r e  c o n d u c t e d  i n  J a n u a r y  2 0 1 5 .  
I n c l u s i o n  a n d  e x c l u s i o n  c r i t e r i a  
W e  i n c l u d e d  s t u d i e s  p u b l i s h e d  i n  p e e r - r e v i e w e d  j o u r n a l s  t h a t  e x -
a m i n e d  e i t h e r  t h e  d i a g n o s t i c  a c c u r a c y  o r  t h e  d i a g n o s t i c  r e l i a b i l i t y  o f  
r a d i o l o g i c a l  i n t e r p r e t a t i o n  o f  i m a g e s  d i s p l a y e d  o n  a  t a b l e t  c o m -
p u t e r .  D i a g n o s t i c  r e l i a b i l i t y  r e f e r s  t o  t h e  a g r e e m e n t  b e t w e e n  t w o  o r  
m o r e  o b s e r v a t i o n s  o f  t h e  s a m e  e n t i t y  a n d  i s  o f t e n  r e p o r t e d  a s  
i n t e r r a t e r  o r  i n t r a r a t e r  r e l i a b i l i t y .  
1 1  
W h e r e a s ,  d i a g n o s t i c  a c c u r a c y  i s  
t h e  l i k e l i h o o d  o f  t h e  i n t e r p r e t a t i o n  b e i n g  c o r r e c t  w h e n  c o m p a r e d  
w i t h  a n  i n d e p e n d e n t  s t a n d a r d .
1 2  
F o r  t h e  p u r p o s e  o f  t h i s  r e v i e w ,  w e  
d e f i n e d  a  t a b l e t  c o m p u t e r  a s  a  h a n d - h e l d  o r  p o r t a b l e  c o m p u t e r  
w i t h  a  s c r e e n  s i z e  o f  ? - i n c h e s  o r  m o r e .  T h i s  c r i t e r i o n  e x c l u d e d  
s t u d i e s  o f  i m a g e s  d i s p l a y e d  o n  s m a r t p h o n e s ,  p e r s o n a l  d i g i t a l  
a s s i s t a n t s  a n d  t h e  A p p l e  i P o d ®  ( A p p l e ,  C u p e r t i n o ,  C A ) .  T h e  m o -
d a l i t i e s  o f  d i a g n o s t i c  r a d i o l o g y ,  n a m e l y ,  p l a i n  f i l m  r a d i o g r a p h y ,  C T ,  
u l t r a s o n o g r a p h y ,  n u c l e a r  i m a g i n g  o r  M R I  w e r e  i n c l u d e d .  D e n t a l  
i m a g i n g  w a s  e x c l u d e d  a s  i t  w a s  n o t  c o n s i d e r e d  l i k e l y  t o  b e  r e p o r t e d  
b y  a n  o n - c a l l  r a d i o l o g i s t .  S t u d i e s  t h a t  t e s t e d  i m a g i n g  t h a t  w a s  
p e r f o r m e d  o n  p a t i e n t s  w e r e  i n c l u d e d .  S t u d i e s  w h e r e  t h e  i m a g i n g  
w a s  o n  p h a n t o m s  o r  s y n t h e s i z e d  w e r e  e x c l u d e d .  S t u d i e s  t h a t  w e r e  
r e p o r t e d  i n  l a n g u a g e s  o t h e r  t h a n  E n g l i s h ,  c o n f e r e n c e  p r o c e e d i n g s ,  
c o m m e n t a r y  a n d  l e t t e r s  t o  t h e  e d i t o r  w e r e  a l s o  e x c l u d e d .  
S e l e c t i o n  p r o c e s s  
T w o  r e v i e w e r s  s c r e e n e d  t h e  t i t l e  a n d  a b s t r a c t  o f  s t u d i e s  t o  
d e t e r m i n e  e l i g i b i l i t y  f o r  i n c l u s i o n .  S c r e e n i n g  t h e  f u l l  t e x t  o f  
a r t i c l e s  w a s  p e r f o r m e d  i f  t h e  a b s t r a c t  d i d  n o t  p r o v i d e  s u f f i -
c i e n t  i n f o r m a t i o n  t o  j u d g e  e l i g i b i l i t y .  U n c e r t a i n t y  o f  i n c l u s i o n  
w a s  r e s o l v e d  b y  c o n s e n s u s  d i s c u s s i o n .  
D a t a  e x t r a c t i o n  a n d  q u a l i t y  a s s e s s m e n t  
T h e  f u l l  t e x t  o f  s t u d i e s  t h a t  m e t  t h e  i n c l u s i o n  c r i t e r i a  w a s  
o b t a i n e d  a n d  d a t a  e x t r a c t e d .  D a t a  w e r e  e x t r a c t e d  o n  s t u d y  
c h a r a c t e r i s t i c s  ( y e a r ,  c o u n t r y  w h e r e  t h e  s t u d y  w a s  c o n d u c t e d ,  
m e t h o d o l o g y ,  c a s e  m e t r i c s ,  r e a d e r  s e l e c t i o n  a n d  r e p o r t i n g  
i n s t r u m e n t ) ,  o u t c o m e  m e a s u r e s ,  t e c h n o l o g y  ( i n t e r v e n t i o n  
d i s p l a y  d e v i c e  a n d  r e f e r e n c e  s t a n d a r d  d i s p l a y  d e v i c e ) ,  r e s u l t s  
s u m m a r y  a n d  s e c o n d a r y  o b s e r v a t i o n s  o n  t h e  u s e  o f  t a b l e t  
c o m p u t e r s  f o r  r a d i o l o g i c a l  d i a g n o s i s .  
T o  e v a l u a t e  t h e  i n c l u d e d  s t u d i e s  f o r  q u a l i t y  a n d  r i s k  o f  b i a s ,  w e  
u s e d  t w o  m e t h o d s .  T h e  Q u a l i t y  A p p r a i s a l  o f  R e l i a b i l i t y  S t u d i e s  
( Q A R E L )
1 1  
w a s  u s e d  t o  a s s e s s  d i a g n o s t i c  r e l i a b i l i t y  s t u d i e s ,  a n d  
t h e  r e v i s e d  Q u a l i t y  A s s e s s m e n t  o f  D i a g n o s t i c  A c c u r a c y  S t u d i e s  
t o o l  ( Q U A D A S - 2 )
1 3  
w a s  u s e d  t o  a s s e s s  d i a g n o s t i c  a c c u r a c y  
s t u d i e s .  T w o  t o o l s  w e r e  n e c e s s a r y  b e c a u s e  s t u d i e s  o f  d i a g n o s t i c  
2  o f  1 3  b~rpublications o r g / b j r  
r e l i a b i l i t y  c o n t a i n  u n i q u e  d e s i g n  f e a t u r e s  t h a t  a r e  n o t  r e p r e -
s e n t e d  o n  t o o l s  t h a t  a s s e s s  t h e  q u a l i t y  o f  s t u d i e s  i n v e s t i g a t i n g  
d i a g n o s t i c  a c c u r a c y .
1 4  
T h e  Q U A D A S - 2  t o o l  m u s t  b e  t a i l o r e d  t o  
e a c h  r e v i e w  b y  a d d i n g  o r  r e m o v i n g  s i g n a l l i n g  q u e s t i o n s .
1 3  
T a b l e  2  l i s t s  t h e  s i g n a l l i n g  q u e s t i o n s  t h a t  h a v e  b e e n  a d d e d  o r  
r e m o v e d  d u r i n g  t a i l o r i n g  o f  t h e  Q U A D A S - 2  t o o l  t o  o u r  r e v i e w .  
O n e  r e v i e w e r  i n d e p e n d e n t l y  p e r f o r m e d  d a t a  e x t r a c t i o n ,  a n d  
q u a l i t y  a n d  r i s k  o f  b i a s  a s s e s s m e n t .  A  s e c o n d  r e v i e w e r  v a l i d a t e d  
t h e  r e c o r d e d  i n f o r m a t i o n .  
A n a l y s i s  
F o r  m u l t i r e a d e r ,  m u l t i c a s e  ( M R M C )  r e c e i v e r  o p e r a t i n g  c h a r a c -
t e r i s t i c  ( R O C )  s t u d i e s ,  w e  c a l c u l a t e d  t h e  9 5 %  c o n f i d e n c e  i n t e r v a l  
( w h e n  n o t  r e p o r t e d  b y  t h e  s t u d y ' s  a u t h o r )  t o  a i d  c o m p a r a b i l i t y  
o f  a r e a  u n d e r  t h e  R O C  c u r v e  m e a s u r e s .  S i m i l a r l y ,  t h e  9 5 %  
c o n f i d e n c e  i n t e r v a l  f o r  s e n s i t i v i t y  a n d  s p e c i f i c i t y  w a s  c a l c u l a t e d .  
S y n t h e s i s  o f  r e s u l t s  w a s  p e r f o r m e d  n a r r a t i v e l y .  R e p o r t i n g  o f  t h e  
f i n d i n g s  o f  t h i s  r e v i e w  f o l l o w e d  t h e  P r e f e r r e d  R e p o r t i n g  I t e m s  
f o r  S y s t e m a t i c  R e v i e w s  a n d  M e t a - A n a l y s e s  ( P R I S M A )  s t a t e m e n t .  
R E S U L T S  
W e  i d e n t i f i e d  1 1  s t u d i e s  t h a t  m e t  o u r  i n c l u s i o n  c r i t e r i a .  T h e  
r e s u l t s  f o r  e a c h  s t a g e  o f  o u r  s e a r c h  a n d  s c r e e n i n g  p r o c e s s e s  
a r e  s h o w n  i n  t h e  P R I S M A  f l o w  d i a g r a m  ( F i g u r e  1 ) .  
T a b l e  1 .  Q u e r y  s y n t a x  
D a t a b a s e  
S y n t a x  
(  
(  
( " r a d i o l o g y " [ M e S H  T e r m s ]  O R  " r a d i o l o g y " [ A l l  
F i e l d s ] )  O R  
( " r a d i o g r a p h y " [ M e S H  T e r m s ]  O R  
" r a d i o g r a p h y " [ A l l  F i e l d s ] )  O R  
( " t e l e r a d i o l o g y " [ M e S H  T e r m s ]  O R  
" t e l e r a d i o l o g y "  [ A l l  F i e l d s ] )  
)  
A N D  
P u b M e d  (  
( " c o m p u t e r s ,  h a n d h e l d " [ M e S H  T e r m s ]  O R  
" c o m p u t e r s ,  h a n d h e l d " [ A l l  F i e l d s ] )  O R  
" h a n d h e l d  d e v i c e " [ A l l  F i e l d s ]  O R  
" m o b i l e  d e v i c e " [ A l l  F i e l d s ]  O R  
" t a b l e t  c o m p u t e r " [ A l l  F i e l d s ]  O R  
i p a d [ A l l  F i e l d s ]  
)  
A N D  
" l a s t  1 0  y e a r s " [ P D a t ]  
)  
(  
(  
( " r a d i o l o g y " / e x p  O R  r a d i o l o g y )  O R  
( " t e l e r a d i o l o g y " / e x p  O R  t e l e r a d i o l o g y )  
E m  b a s e  
)  
A N D  
( " m i c r o c o m p u t e r " / e x p  O R  " m i c r o c o m p u t e r " )  
A N D  
[ 2 0 0 5 - 2 0 1 5 ] / p y  
)  
B r  J  R a d i o l ; 8 8  2 0 1 5 0 1 9 1  
BJR L J ( df!r>ry et a/ 
Table 2. Review-specific modifications to the Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) tool 
Signalling questions Modification to QUADAS-2 toola 
Domain I : case selection 
Was a consecutive or random sample of cases selected? NC 
Was a case--control design avoided? NC 
Did the study avoid inappropriate exclusions? NC 
Was a spectrum of disease severi ty included in the case selection? + 
Was a sample size of 50 or more cases used in the study? + 
Domain 2: index test 
Were the index test results interpreted without knowledge of the results of NC 
reference test? 
If a threshold was used, was it pre-specified -
Was an entire rating scale rather than a binary scale used to record index 
+ text djagnosis? 
Was the instrument used to record their diagnosis calibrated with the 
+ instrument used by the gold standard readers? 
Was the study reader selection for the index test representative of 
a radiologist population (in terms of number of readers and range of + 
experience)? 
Was the study reader for the index test given the same referral 
+ information and previous imaging as the reference test reader? 
Was the index test diagnosis not limited to a type(s) of pathology? + 
Was the index test read with comparable monitor luminance and ambient 
+ Hgh ting to the reference test? 
Was the case order randomized? + 
Were all index test outcomes reported? + 
Domain 3: reference test 
Is the reference standard likely to correctly classify the target condition? -
Were the reference standard results interpreted without the knowledge of NC 
the results of the index test? 
Did all cases have a reference test? NC 
Was the gold standard diagnosis validated- for example, by consensus of 
+ 
multiple radiologists or review of clinical notes? 
Domain 4: flow and timing 
Was there an appropriate interval between index test and reference 
-
standard? 
Was there an appropriate interval between index test reading and 
+ 
reference test reading to address retained information? 
Did all cases receive a reference standard? NC 
Was the same reference test used for all cases? NC 
Were aU cases included in the analysis? NC 
a+. signalling question added ; - , signalling questio n removed; NC, no change from default tool. 
Study characteristics 
The Apple iPad (Apple) was the intervention display in 
10 studies. These studies were published between 20 11 and 
2013. One study evaluated an iPad with a retina display (screen 
matrix of 2048 X 1536 pixels). 15 The resolution of the iPads in 
the other nine studies was 1024 X 768 pixels. The only other 
3 of 13 b irpublications org/bjr 
tablet computer tested was a Hewlett-Packard® TC1000 
(Hewlett-Packard, Palo Alto, CA) tablet with a resolution of 
1024 X 768 pixels. 16 This study was published in 2005. 
Studies originated from eight countries (United States, Ireland, 
Germany, Singapore, India, Taiwan, Republic of Korea and 
Br J Rad iol;88:20150191 
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F i g u r e  1 .  P r e f e r r e d  R e p o r t i n g  I t e m s  f o r  S y s t e m a t i c  R e v i e w s  a n d  M e t a - A n a l y s e s  f l o w  d i a g r a m .  
S t u d i e s  t h a t  d i d  n o t  
S t u d i e s  i d e n t i f i e d  
i n  E m b a s e  s e a r c h  
n = 1 5 3  
m e e t  i n c l u s i o n  c r i t e , i a  1  
a f t e r  a s s e s s i n g  t h e  
A b s t r a c t  
n = 1 4 7  
S t u d i e s  m e e t i n g  
i n c l u s i o n  c r i t e r i a  
n = 6  
S t u d i e s  i d e n t i f i e d  
i n  P u b M e d  s e a r c h  
n = 1 1 9  
S t u d i e s  t h a t  d i d  n o t  
t - - - •  m e e t  i n c l u s i o n  c r i t e r i a  
a f t e r  a s s e s s i n g  t h e  
A b s t r a c t  n = 1 0 8  
S t u d i e s  e x c l u d e d  ( n = 3 )  
a f t e r  f u l l - t e x t  s c r e e n  
I  ~ n = 2  D i d  n o t  m e e t  
d e f i n i t i o n  o f  t a b l e t  
c o m p u t e r  
r - _ _  _ . L _  _ _  - - ,  n = l  L e t t e r  t o  t h e  E d i t o r  
S t u d i e s  m e e t i n g  
i n c l u s i o n  c r i t e r i a  
n = 8  
D u p l i c a t e s  
r e m o v e d  n = 3  
S t u d i e s  i n  t h i s  
r e v i e w  
n = l l  
J a p a n ) .  T w o  o f  t h e  i n c l u d e d  s t u d i e s  e v a l u a t e d  l a r g e  m a t r i x  p l a i n  
f i l m  r a d i o g r a p h s  w h i l e  t h e  r e m a i n i n g  s t u d i e s  e v a l u a t e d  s m a l l  
m a t r i x  ( C T  a n d  M R l )  i m a g e s  ( T a b l e  3 ) .  R a d i o l o g i s t s  w e r e  t h e  
r e a d e r s  i n  a l l  b u t  o n e  s t u d y .  E m e r g e n c y  d e p a r t m e n t  p h y s i c i a n s  
w e r e  u s e d  i n  t h e  r e m a i n i n g  s t u d y  ( T a b l e  4 ) .
8  
H a l f  o f  t h e  s t u d i e s  
c o m p a r e d  t h e  i n t e r p r e t a t i o n  o f  i m a g e s  d i s p l a y e d  o n  a  t a b l e t  
c o m p u t e r  w i t h  t h e  i n t e r p r e t a t i o n  o f  i m a g e s  d i s p l a y e d  o n  a  p r i -
m a r y  p i c t u r e  a r c h i v i n g  a n d  c o m m u n i c a t i o n  s y s t e m  d i s p l a y .  T h e  
r e m a i n i n g  s t u d i e s  u s e d  a  s e c o n d a r y  L C D  a s  t h e  r e f e r e n c e  s t a n -
d a r d  d i s p l a y  ( T a b l e  5 ) .  T h e  a m b i e n t  l i g h t i n g  w a s  c o n t r o l l e d  i n  
s i x  o f  t h e  s t u d i e s ,
9
'
1 0
'
1 5
'
1 7
'
1 9  
w h e r e a s  o t h e r  a u t h o r s  i n t e n t i o n a l l y  
u s e d  c o n v e n t i o n a l  l i g h t i n g  c o n d i t i o n s  t o  i m i t a t e  c o n d i t i o n s  
u n d e r  w h i c h  t h e  t a b l e t  c o m p u t e r  w o u l d  b e  u s e d .  
2
'
8  
T h e  
r e m a i n i n g  s t u d i e s  d i d  n o t  s t a t e  l i g h t i n g  c o n d i t i o n s .  
D i a g n o s t i c  a c c u r a c y  a n d  d i a g n o s t i c  r e l i a b i l i t y  
E i g h t  o f  t h e  i n c l u d e d  s t u d i e s  w e r e  d i a g n o s t i c  a c c u r a c y  s t u d i e s  
a n d  t h r e e  w e r e  d i a g n o s t i c  r e l i a b i l i t y  s t u d i e s .  D i f f e r e n t  m e t h o d -
o l o g i e s  w e r e  u s e d  t o  t e s t  d i a g n o s t i c  a c c u r a c y .  T h e  d i a g n o s t i c  
a c c u r a c y  w a s  a s s e s s e d  u s i n g  M R M C  R O C  c u r v e  i n  f o u r  o f  t h e  
i n c l u d e d  s t u d i e s .
8
'
9
'
1 6
'
1 9  
I n  t h e s e  s t u d i e s ,  t h e  d i a g n o s i s  f r o m  
i m a g e s  d i s p l a y e d  o n  a  t a b l e t  c o m p u t e r  w a s  c o m p a r e d  w i t h  t h e  
g o l d  s t a n d a r d  d i a g n o s i s  ( T a b l e  4 ) .  T h e  d i f f e r e n c e  i n  a r e a  u n d e r  
t h e  b i n o r m a l  R O C  c u r v e  ( A U R O C )  w a s  u s e d  t o  t e s t  s i g n i f i c a n c e  
4  o f  1 3  b i r p u b l i c a t i o n s . o r g / b j r  
( F i g u r e  2 ) .  N o  d i f f e r e n c e  o f  s t a t i s t i c a l  s i g n i f i c a n c e  w a s  f o u n d  i n  
f i v e  o f  t h e  s i x  s t u d i e s  ( T a b l e  6 ) .  Y o s h i m u r a  e t  a l
1 9  
d i d  f i n d  t h e  
A U R O C  w a s  s i g n i f i c a n t l y  s m a l l e r  f o r  a n  i P a d  t h a n  f o r  a  g a m m a  
2 . 2 - c a l i b r a t e d  L C D .  T h e  s a m e  a u t h o r  f o u n d  n o  s t a t i s t i c a l  d i f -
f e r e n c e  b e t w e e n  a n  i P a d  a n d  D I C O M  G S D F - c a l i b r a t e d  L C D .  L e e  
e t  a l
1 6  
f o u n d  t h a t  t h e  t a b l e t  c o m p u t e r  p e r f o r m e d  b e t t e r  t h a n  t h e  
c o n t r o l  d i s p l a y  w h e n  a s s e s s i n g  a b d o m i n a l  r a d i o g r a p h s  f o r  u r e -
t e r a l  c a l c u l i ,  w h e r e a s  t h e  c o n t r o l  d i s p l a y  ( a  G S D F - c a l i b r a t e d  
c a t h o d e  r a y  t u b e  m o n i t o r )  w a s  s u p e r i o r  t o  t h e  t a b l e t  f o r  d i -
a g n o s i s  o f  t h e  r e n a l  c a l c u l i .  
T h e  i n c l u d e d  s t u d i e s  r e p o r t e d  h i g h  s e n s i t i v i t y  a n d  s p e c i f i c i t y  f o r  
t a b l e t  c o m p u t e r s  w i t h  v a l u e s  r a n g i n g  f r o m  8 4 o / o  t o  9 8 o / o  a n d  
f r o m  7 4 o / o  t o  l O O o / o ,  r e s p e c t i v e l y  ( F i g u r e  3 ) .
8
-
1 0
'
1 8  
T w o  o f  t h e  
s t u d i e s  t h a t  m e a s u r e d  s e n s i t i v i t y  a n d  s p e c i f i c i t y  a l s o  p e r f o r m e d  
s i g n i f i c a n c e  t e s t i n g .  N o  s i g n i f i c a n t  d i f f e r e n c e  i n  s e n s i t i v i t y  a n d  
s p e c i f i c i t y  b e t w e e n  a  t a b l e t  c o m p u t e r  a n d  c o n t r o l  d i s p l a y  w a s  
f o u n d .
8
•
1 8  
J o h n s o n  e t  a l
1 8  
r e p o r t e d  t h e  s a m e  a c c u r a c y  r a t e  ( 9 8 o / o )  
f o r  i n t e r p r e t a t i o n  o f  C T  s c a n s  f o r  p u l m o n a r y  e m b o l i  p e r f o r m e d  
o n  a n  i P a d  a n d  o n  a  p r i m a r y  d i s p l a y .  P a n u g h p a t h  e t  a l
1 0  
r e p o r t e d  a n  a c c u r a c y  r a t e  o f  9 9 . 8 6 %  a n d  9 9 . 9 2 %  f o r  t h e  i P a d  
a n d  a  s e c o n d a r y  d i s p l a y ,  r e s p e c t i v e l y ,  f o r  t h e  d e t e c t i o n  o f  i n -
t r a c r a n i a l  h a e m o r r h a g e  o n  C T .  I n  t h e  s t u d i e s  p e r f o r m e d  b y  
J o h n  e t  a l
2  
a n d  M c L a u g h l i n  e t  a l ,  
1  
t h e  s t u d y  r e a d e r s  p r o d u c e d  
B r  J  R a d i o l ; 8 8  2 0 1 5 0 1 9 1  
Table 3. Case selection summary 
Study Examination Pathology Case selection Case sample Pathology Pathology 
rationale size positive (%) negative (%) 
Random selection 
Abboud CXR TB ofCXR from 240 40 (1 7%) 200 (83%) 
et al 17 a pool of 500 TB 
screening cases 
Arbitrarily 
Four possible selected cases from actual pathologies-
emergency MRI 
spinal cord for spinal trauma. 
McNulty MRI lumbar compression, Selection designed 
et al9 spine; MRI spinal cord to include 31 13 (42%) 18 (58%) 
cervical spine oedema, cauda pathology from 
equina syndrome, 
spinal cord emergency presentations plus haemorrhage 
normal control 
cases 
Arbitrari ly 
selected cases 
designed to 
emulate typical 
ED cases and 
Cerebral pathologies. Cases 
20 (SO%) CT 20 (SO%) CT 
Tewes et al 15 CT head; CTPA infarction; were actual cases 40 CT head; 40 head; 20 (SO%) head; 20 (SO%) 
segmental or performed as CTPA CTPA CTPA 
subsegmental PE out-of-hours 
emergency 
imaging and 
included both 
positive and 
negative cases 
Random selection 
Panughpath from an 
et al!O CT head ICH emergency 100 27 (27%) 73 (73%) 
radiology imaging 
database 
Existing set of 50 
cases of imaging 
for suspected PE 
originally 
compiled for QA 
program. The 
selection inc! uded 
Johnson Pulmonary both positive and 
et al 18 CTPA embolism negative. Positive 50 25 (SO%) 25 (50%) 
cases ranged in 
subtleness of 
pathology from 
easy (main 
pulmonary 
artery) to difficult 
(subsegmental 
thrombi ) 
Arbitrarily 
selected cases after 
Yoshimura CT head Cerebral searching 97 47 (48%) 50 (52%) et a! 19 infraction reporting database 
and electronic 
medical record for 
(Continued) 
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T a b l e  3 .  ( C o n t i n u e d )  
S t u d y  
E x a m i n a t i o n  P a t h o l o g y  
C a s e  s e l e c t i o n  
C a s e  s a m p l e  P a t h o l o g y  P a t h o l o g y  
r a t i o n a l e  s i z e  p o s i t i v e  ( % )  n e g a t i v e  ( % )  
c a s e s  o f  s u s p e c t e d  
c e r e b r a l  
i n f a r c t i o n .  
S e l e c t i o n  i n c l u d e d  
b o t h  p o s i t i v e  a n d  
n  e g a  t i  v e  c a s e s  
A r b i t r a r i l y  
s e l e c t e d  c a s e s  
f r o m  a c t u a l  C T  
h e a d  p e r f o r m e d  
i n  E D  f o r  t r a u m a  
o r  h e a d a c h e .  
C a s e s  h a d  s u b t l e  
r a d i o l o g i c a l  s i g n s  
P a r k  e t  a l
8  
C T  h e a d  
I n t r a c r a n i a l  o f  ! C H .  S u b t l e  
1 0 0  5 0  ( 5 0 % )  5 0  ( 5 0 % )  
h a e m o r r h a g e  m e a n t  1 s t  o r  2 n d  
y e a r  E D  r e s i d e n t  
h a d  m i s s e d  t h e  
I C H .  1 0  c a s e s  
w e r e  p a e d i a t r i c  t o  
r e f l e c t  r e a l  
p r a c t i c e  o f  
e m e r g e n c y  
r a d i o l o g y  
A r b i t r a r i l y  
s e l e c t e d  c a s e s  o f  
c o m m o n  
a f t e r - h o u r s  
p a t h o l o g y  t h a t  
h a d  b e e n  c l i n i c a l l y  
C o m m o n  E D  
i n t e r p r e t e d  a f t e r  
8 8  ( 7 9  C T ,  9  
J o h n  e t  a l
2  
C T a n d  M R I  
h o u r s  b y  o n e  6 4  ( 7 3 % )  2 4  ( 2 7 % )  
p a t h o l o g i e s  
p a r t i c u l a r  s e n i o r  
M R I )  
r a d i o l o g i s t .  T h e  
i n t e r p r e t a t i o n  o f  
t h i s  r a d i o l o g i s t  
w a s  u s e d  a s  t h e  
g o l d  s t a n d a r d  
d i a g n o s i s  
1 0 0  c o n s e c u t i v e  
M c L a u g h l i n  
C T  h e a d  V a r i o u s  
C T  b r a i n  s t u d i e s  
1 0 0  
5 7  ( 5 7 % )  4 3  ( 4 3 % )  
e t  a l
1  
r e f e r r e d  f r o m  t h e  
E D  
A r b i t r a r i l y  
C T B A ;  M R  s p i n e  
s e l e c t e d  c a s e s  
c e r v i c a l ;  M R  s p i n e  
f r o m  p a t i e n t s  t h a t  
5 0  C T B A ;  5 0  
2 6  ( 5 2 % )  C T B A ;  2 4  ( 4 8 % )  C T B A ;  
B h a t i a  e t  a l
2 0  
t h o r a c i c ;  M R I  
A c u t e  i s c h a e m i c  u n d e r g o n e  E D  
M R I  b r a i n ;  5 0  
n o t  s t a t e d  M R I  n o t  s t a t e d  M R l  
s p i n e  l u m b a r ;  
e v e n t  i m a g i n g  f o r  a n  
M R I  s p i n e  
b r a i n ;  n o t  s t a t e d  b r a i n ;  n o t  s t a t e d  
M R I  b r a i n  
a c u t e  c e n t r a l  M R I  s p i n e  M R I  s p i n e  
n e r v o u s  s y s t e m  
e v e n t  
C o n s e c u t i v e  c a s e s  
f o r  p a t i e n t s  1 6 0  r e n a l  2 8  ( 1 8 % )  r e n a l  
1 3 2  ( 8 2 % )  k i d n e y ;  
L e e  e t  a l
1 6  
A X R  U r o l i t h i a s i s  r e f e r r e d  f o r  s y s t e m s  ( 8 0  
s t o n e ;  2 4  ( I S % )  
i n t r a v e n o u s  A X R )  u r e t e r i c  s t o n e  
1 3 6  ( 8 5 % )  u r e t e r s  
u r o g r a p h y  
A X R .  a b d o m i n a l  r a d i o g r a p h ;  C T B A .  C T  b r a i n  a n g i o g r a p h y ;  C T P A ,  C T  p u l m o n a r y  a n g i o g r a m ;  C X R ,  c h e s t  r a d i o g r a p h ;  E D ,  e m e r g e n c y  d e p a r t m e n t ;  
I C H ,  i n t r a c r a n i a l  h a e m o r r h a g e ;  P E .  p u l m o n a r y  e m b o l i s m ;  T B ,  t u b e r c u l o s i s ;  Q A ,  q u a l i t y  a s s u r a n c e .  
6  o f  1 3  b i r p u b l i c a t i o n s  o r g / b j r  
B r  J  R a d i o l ; 8 8 : 2 0 15 0 1 9 1  
Table 4. Reader metrics 
Number of 
Index test 
Study Reference reference readers and Index test Index test 
standard standard reader attributes instrument 
readers profession 
Abboud Two chest fellowship, Binary (positive/ 
et al 17 NA NA Five radiologists two fellowsh ip trainees negative) 
and one resident 
12 board-certified 
neuroradiology 
McNulty Radiologist working in Two 13 radiologists experts, I Six-point confidence 
et al9 consensus board-certified spinal scale 
and musculoskeletal 
expert 
Three radiologists with 
Five-point confidence 
Tewes et al 15 NA NA Three radiologists 3, 4 and 6 years 
experience, respectively scale 
Binary (positive/ 
Discordant studies negative) plus type 
Pan ugh path assessed by categories, e.g. 
et al 10 fellowship-trained Two Two radiologists Not reported extradural, subdural, 
subarachnoid, 
neuroradiologist intraparenchymal or 
intraventribular 
Johnson Cases reported as Three (one initial Two fellowship trained Binary (positive/ 
et al 18 clinically positive were clinical radiologist plus Two rad iologists but junior radiologists negative) further reviewed two add itional) 
Radiologists working in Six general radiologists 
Yoshimura consensus plus and three Continuous confidence 
et al 19 accuracy of report Two Nine radiologists neurorad iologists with scale 
confirmed by MRI and 3-1 7 years' experience 
clinical records 
Five emergency 
Three attending and Five-poin t confidence 
Park et al8 Neuroradiologist One department 
physicians two senior residents scale 
Descriptive report. 
Clinical report of Three attending with at Non-study radiologist 
John et al2 non-study senior One Three radiologists least I 0 years classified discrepant 
radiologist experience each diagnosis as major or 
mmor 
Descriptive report. 
Two radiologists with 5 Discrepancies classified 
McLaughlin Clinical report of according to American 
et al 1 radiologist One Two radiologists and 16 years' College of Radiologist's 
experience RadPeer classification 
system 
O ne board-certified Binary (positive/ 
neuroradiologist, three negative) plus type 
categories, e.g. disc 
Bhatia et al20 NA NA Five radiologists fourth-year radiology herniation and/or 
residents and one 
second-year radiology reason category, e.g. 
gradient echo signal 
resident 
abnormality 
Results of !VU study 
Lee et al16 
(as opposed to plain 
One Two radiologists Not reported Five-point confidence AXR) and clinical scale 
records 
AXR, abdominal radiograph; IVU, intravenous urography; NA, not applicable. 
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Figure 2. Comparison between mean binormal area under the recei ver operating characteristic (ROC) curves for tablet and contro l 
display (error bars are 95% confidence intervals). GSDF, greyscale display function; LCD, liquid crystal display. 
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a descriptive diagnosis that was compared with the formal 
clinical report. Discrepancies between the reader's diagnosis and 
clinical diagnosis were classified by a non-study reader. John 
et al2 reported 3.4% major (finding would affect immediate 
clinical management) discrepancy rate and a 5.6% minor 
(would not affect immediate clinical management) discrepancy 
rate when using a tablet computer. McLaughlin et al 1 categorized 
discrepancies according to the American College of Radiologist's 
RadPeer classification system. There were 12 errors (3 clinically 
significant and 9 not clinically significant) when using the 
control display and 7 errors (3 clinically significant and 4 not 
clinically significant) when using a tablet computer. Interrater 
reliability was almost identical between index and reference 
standard for the studies by Abboud et al 17 and Tewes et al 15 
(Table 5). 
Quality and risk of bias 
The eight diagnostic accuracy studies' ·2•8- 10' 15' 18' 19 were assessed 
with the QUADAS-2 tool for quality and risk of bias. All eight 
studies were judged high or unclear in at least one domain. 
Proportions of studies for each of the risk of bias classifications 
are shown in Figure 4. A large proportion of these studies ( 88o/o) 
were judged to have a high risk of bias for the index test domain. 
This was owing to a number of reasons, including the index test 
readers not having sufficient number or range of experience to 
represent a radiologist population; the index test readers not 
having the same referral information and access to previous 
imaging as the reference test readers; the index test reader's 
diagnosis being limited to known type of pathology; and the 
monitor luminance and ambient lighting of the index test not 
being comparable to the reference test. 
All studies in the reference standard domain and most studies 
(88%) in both the index test and case selection domain were 
judged to be applicable to the review question for all QUADAS-2 
domains (Figure 5). 
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The three diagnostic reliability studies 15' 17'20 were assessed using 
the QAREL tool. All studies had at least one item judged to 
indicate a poor quality in the study. The reasons for poor quality 
included readers not being representative of the review's pop-
ulation, blinding of referral and clinical information, non-
randomization of reading order and the use of binary scales by 
study readers. 
Synthesis 
The results of studies included in this review could not be sta-
tistically combined. This was owing to the heterogeneity of study 
designs (accuracy and reliability studies), methodologies, display 
characteristics of intervention tablet computer and reference 
standard display device, profession of readers, lighting con-
ditions and radiographic modality (large matrix and small ma-
trix) all being evaluated. 
DISCUSSION 
This review revealed a near complete consensus from the study 
authors on the non-inferiority of diagnostic accuracy of images 
displayed on a tablet computer. The included studies reported 
high sensitivity (84-98%), specificity (74-lOOo/o) and accuracy 
rates (98-lOOo/o) when using a tablet computer for radiological 
diagnosis. There was no statistically significant difference in 
accuracy between tablet computers and GSDF-calibrated control 
displays. All of the included studies were judged to be at risk of 
bias. The included studies were judged to have high applicability 
to the review question. 
The MRMC ROC method has been used in four of the included 
studies.8•9•16' 19 All authors of MRMC ROC studies have used an 
entire rating scale rather than a binary scale that conforms with 
best practice recommendations.2 1 A number of studies have 
validated the gold standard diagnosis by using multiple readers 
or reviewing clinical notes (Table 4). The use of multiple readers 
has been shown to increase the reliability of radiological 
Br J Radiol;88:20150191 
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Figure 4 . Summary of Quality Assessment of Diagnostic Accuracy Stud ies-2 (QUADAS-2) assessments for risk of bias. 
c 
"iii 
Flow and timing 
§ Reference standard 
0 
N 
ch 
<( 
~ lndextest 
:::l 
0 
Case selection 
0 20 40 60 80 100 
Proportion of studies with low, high , or unclear risk of bias, % 
- Low 
c:=J High 
-Unclear 
accuracy of images displayed on an iPad was significantly less 
than when displayed on a Gamma 2.2-calibrated LCD, but not 
significantly less than when displayed on a GSDF-calibrated 
monitor. DICOM GSDF is the most widely used calibration 
technique used in radiology today. 23 There appears to be some 
limitation in the methods used by McLaughlin et al 1 who clas-
sified discrepancies. The limitation has been caused by the index 
test and reference test instrument not being calibrated. This lack 
of calibration has resulted in inconsistency when grading dis-
crepancies for incidental findings, e.g. mucosal thickening. This 
inconsistency obscures whether discrepancies are attributable to 
the display or a difference in radiologist's reporting style. Most 
authors used arbitrarily selected cases, which may not be a true 
representation of positive-to-negative case ratios. The use of 
only subtle pathology in one study may have resulted in under 
reporting of the accuracy rate.8 In many of the studies, the 
reader was blinded to clinical details of the referral and did not 
have access to prior imaging. In other studies, the readers were 
aware of a limited type of pathology in which the studies needed 
to be reported. Both scenarios may affect interpretative perfor-
mance. The reader population was not representative of a radi-
ologist population in a number of studies-for example, 
McNulty et al9 used 13 subspecialists as the study readers; 
whereas, only two readers were used in other studies. 1•10•16•18 
The use of a subspecialist may result in overreporting of di-
agnostic accuracy. The authors of nearly all studies have mini-
mized bias of retained information by including a time delay 
between readings. To further reduce bias from the retained 
Figure 5 . Summary of the Quality Assessment of Diagnosti c Accuracy Studies-2 (QUADAS-2) assess ment fo r appli cability. 
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p u t e r s  f o r  a  p r i m a r y  d i a g n o s i s  m a y  b e  s u b j e c t  t o  l o c a l  r e g u l a t o r y  
g u i d e l i n e s .  W h e n  c o n s i d e r i n g  t h e  u s a g e  o f  a  t a b l e t  c o m p u t e r  f o r  
o n - c a l l  r a d i o l o g y ,  t h e  u s e r  a l s o  n e e d s  t o  a s s e s s  t h e  s o f t w a r e  
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